
MR Sept. 1944

*

‘-NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WAlrnm Iuwolr”
ORIGINALLY ISSUED
September 19~ as
MemorandumReport

TESTSOF A O.3CXCAIE SEMISPANMODEL OF THE DOUGLASXTB2D-1

AIRPLANEWING

NACA

I - FtlI&SPAI?

AND IUSELAGECOMBINATIONIN THE

Q-FOOT PRESSURETUNNEL

FLAP AND PIR-BRKKE33WIWITGATION

By C. DixonAshworth,StanleyH. Spooner,
and RobertT. Russell

LangleyMemorialAeronauticalLaboratory
Iaz@ey Field,Va.

> ...

‘ ‘NACA”.’‘“
N A C A LIBRARY

LANGLEY MEMORIAL AERONAUTICAL

WASHINGTON
LABORATORY

LanKley FII+I+ Va.

IiACA VJARTIMIE REPORTS are reprints of papers originally issued tu provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
mously “neld unaer a security status but are now unclassiflea. Some of these reports were not tech-
nically e~tea All have been reproduced without change m arder to expecbte general alstribution.

L- 563 -

——.—_ -----



MEMORANDUM REPORT

AERONilUT IC S

for the

Bureau of Aeronautics, TTavy

TESTS OF A 0.30-SCAJ.ESEMISPAN MODEL

De“partrnent

OF THE DOUGLAS XTB2D-1

AIRPLANE WING ANTOTTJSELAG13COMBINAT ION IITTHE

NACA 1~-FOOT PRESSURE TUNNEL

I- ~uLL-sp~,N FLAP AND Am- BRAKE INJ’ESITIGATION

?3yc. Dixon Ashworth, Stanley H. Spooner ,
and Robert T’.Russell

Tests have been conducted in the NAGA lg-f’oot
pressure tunnel of a 0.30-scale semispan model of the
XTB,2D-1 airplane wing and fuselage combination. The
purpose of’the full-span flap aildair-brake inT~estigation
~~,rasto debel=mi.nethe optimum position of the double-
slotted fl(ap, the characteristics of the full-span flaps
at various deflections in their fully extended position,
the effectiveness of deflectin~ the full-span flaps to
small positive angles as a cambei-changing feature, the
stalling characteristics of’the wing, and the effectiveness
of the flap as a brake when deflected to negative angles.

The data indicate that on Lhe airplane any one flap
parameter could be moved j/I.6inch from its optimum
position and not appreciably affect the value of the
maximum lift coefficient. A loss of flap effectiveness
was encountered between 30° and 55° flap deflection due
to a stall condition on the flap for nearly every con-
figuration tested. The effective camber changing feature
produced no drag reduction except above a lift coefficient
of approximately 1.1. The stalling characteristics of
the wing were, in general, satisfactory. For braking in
a dive, decelerating, and evasive maneuvering, the brakes
produced a drag coefficient inc~ement of 0.077 at a
deflection of -54Q which appeared satisfactory from some
preliminary calculations.
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The model was equippecl‘~.ith a full-span, douljle-
s1otted i’la-loa-rrangemeilt. The inboard section oi the
fl~.ll-s~anflap (the flaP ) ~,vasdes~<lnedLto act either
as a hj.(:hlMt device or as an air bi-a’:e. The outJOard
section (~,r:e1.O11 flap ) was desigiled to provide additional
~ift ajldto serve as a lateral-control device,

&

Tilecoef’flcients and-sym >OIS used Ilerei.nare defined
as follows:

CL li:t coef’fit:.ent (L/qs )

CD dra~ coefficient (D/qs )

—.— .. ... . ., .,.-,,., ,, 1
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flap hinge-moment coefficient (Hf/qSfcf )

flap normal-force coefficient (Nf/’qSf)

flap chord-f’orce coefficient (Cj+lsf )

roll-flap

roll-flap

roll-flap

lift

drag

hinge-moment coefficient (Ha/qba~a2 )

normal-force coefficient (Na/qSa )

chord-torte coefficient (Ca/’qSa)

pitching moment about,0~2~ nean aerodynamic

flap hinge moment about 0.50 flap chord

flap normal force

flap chord force

rol].-flaphinge moment about 0.26 roll-flap

roll-flap normal force

roll-flap chord force

dynamic pressure of free stream
()
12
-p

semispan wing area (27.24 square feet )

chord

chord

mean aerodynamic

flap area (3.2).+3

total flap chord

chord (2.696 feet)

square feet)

(0.744 foot)

p~oduct of roll-flap span and square of root-
mean-square chord of roll flap aft of hinge
axis (0.932 footj)

..
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roll-flap area (2.654 f’eet2)

airspeed

mass density of air

corrected angle of attack of wing reference line

flap deflection, de~rees

roll-flap deflection, degrees

flap vane angle, degrees

roll-flap vane angle> 5eGrees

flap cub-off angle, deguees

roll-flap cut-off angle, degi’ees

extension of flap, percent of maximum flap
exteilSiOn

exten-sion of roll flap, nercer.t of maximum roll-
flap extens~.on

wing chord.at any spanwise stabion (35.7 inches
from wing root to wing fold line; 54.3 inches
at inboard end or roll f’lap;18.6 inches at
outbo~Lrd.end of roll flap)

radial distance fro~.wiriulip to vane

distance from wing lip to leading edge of vane
parallel to wing reference line

radial distance fron vane trailing edge to flap

distance from vane trailing edge to leading edge
of flap panallel to ‘:ling‘reference line

Reynolds number (pvc/P)

];aChlnu’nber (V/Vc ) .

coefficient of viscosity

sonic velocity

,, ——
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APPARATUS AND TESTS

The 0.30-scale semis~an model of ~LlexTB.2~-l a~r~lane
wing and fuselage combina~ionj constructed by the Douglas.
Aircraft Corporation, is shown in figure 1. The arrange-
ment of the end plate furnished by the NACA and the
location of the model with respect to the tunnel is shown
in figures 2 and 3.

Figure 1 shows that the wing, which was built
s-roundmodi,fiecl.N.4CAlow-drag sections, has rectangular
center sections and the outer pane1s are tapered 2:1.
T.h~
120

fuse

leading
&eometri
lage did

edge of the wing is straight
c dihedral in the outer pane
not exactly conform to the

and Lhe
1s. The
shape of

re i.s
model
the

prototfie but was similar in size to a scaled model of
the airplane fuselage.

The wing and flaps were constructed of mahogany
reinforced witli steel; whereas, the vanes were made of
solid steel, The surfaces were kept aerodynamical.]y
smooth by filling surface discontinuities with crack
filler and glazing putty and finishing with Carborundum
paper.

The end nlate was construe’tgd of a basic stesl

framework to which was fastened ~-inch plywood.
G

TIM?

gan between the fuselage and the end plate was held
at approximately 3/8 inch.

Figure 4.shows “thefollowing items that were
attached to the model for various tests: vane-bracket
covers~ wing-fuselage fillet, partial end-plate seal,
and a flap wedge which either moved with the flap or
was held in a retracted position.

Figures 5 and 6 show the inner and outer sections
of the 25-percent chord, full-span, double-slotted flap.
Also included in these figures are the small and large
chord flap and roll-flap vanes which were supplied with
the model.

Figures 7 and 8 show the various attitudes of the
Douglas *’all-purpose full-span flaps” w~lichwere tested
on the semispan model. For take-off, landing, maneuvering,
and attitude control, the flap and roll flap operate in

, ————
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their fully extended position; the deflection of the flap
o and the neutral~,a~~be an~where between ~c’and 55

deflectior~ of the roll flap (from which it operates as
a lateral-eontrcl device) is between 7° and zoo. The flap
and roll flap deflect together from To to 300. At 300
the roll flap has ~meached its maximum deflection as a
htgh lift de~zice~whereas, the flap may continue to a
deflection of’55 ●

Tb.eexisting design is such that the
deflection of the flap and roll f’1.ipsh~ll be dictated
by the Mnge nor.ents acting on the surface.

In order to grovide for bziakin~ in a dive, decel-
erating, and ‘ev~.stver.an.euverlng,the flap may be
deflected to ne,gaiive a-nglesin its fully extended
position, For this fla’~corrf’iGurationthe roll flap
m-aybe either in i~s retracted or extended position.

In an atkerfintto extend the low profile-drag
ran,geby increasing the wi~.g camber,the full-spaD-
flans could be deflected to 10o in ttiei.r retracted
posit5.on.

TO obtain the optii~~ position of the flap, studies
were made with the flap deflected 55° in its f’ully
extended position. The six parameters, which were
f.ndepe.rlde~ntlyvaried in obtaiiling the best lio-vane-
f’laplocation, are shown in figure 9,

The charac~er:,s~ics ~f’the flaps were investigated
fo~ the followins three conditions:

1..DeflectIon of the flap and roll flap to ~ositive
angles for the landing and take-off attitude

2. I)eflectton of the flap to negative an~les Tor
the air-brake condition

3. Deflection of’the .tlapand roll flap to positive
~angles, in their retracted position, to obtain
effective ember change.

‘Tof~cilitate further discussion a ‘lstandard-model
contigurationll is set up whiclh consists of the following
component parts:

3. IUa.p wedge mrving with flap

1. Wing and fuselage

2. Small chcrd vanes
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The nodel was altei-ed from the standard configuration
during the investigation by

1--* A partial end-plate seal which extended around
the front portion of the fuselage from the
leading edge of the wing on the top of the
fuselage to the trailing edge of the wing
on the bottom of the fuselage

2. A complete end-plate seal which was similar to
the partial seal but extended aft of the wing
-on both the top and bottom of the fuselage

3. Large chord vanes

Ll. ,Flapwedge held in a retracted position

5. Wing-fuselage fillet

6. Vane-b~acket covers

7. A spoiler on the leading edge of the flap

Stall studies of the complete semispan model were
made with the flaps retracted and fully extended. These
studies were recorded by visual observation, still
pictures, and moving pictures of tufts located a-t
approximately 20, 30, 40, 50, 60, 70, 80, and 90 percent
of the wing chord and spaced about every 2 inches spariwise.

The majority of the tests were made at a.Reynolds
number and Mach number of approximately 5,200,000
and 0.12, respectively. All tests were made through a
suitable angle-of-attack range with the air in the tunnel
compressed to approximately 2+ atmospheres. These tests

iare outlined in detail in tab e I.

The aerodynamic forces and moments were measured
by means of a six-component simultaneous recording
balance system. The flap and roll-flap forces and
moments were measured by electrical resistance-type
strain gages.

REDTJCTION OF DATA

AII results were reduced to standard nondimensional
coefficients converted so that the coefficients apply to
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the complete wing. The pitching moment an~lies to a--
center-of-~ravity location in the plane of’symmetry at
Z5 percent of the mean aerodynamic chord and is referred
to the wind axis.

No corrections were made to the data for the
effects of drag and interference of the model support
system”: Therefoi>e, the values Of If.f’t, drag, and

pitchi.ng-mornentcoefficients include the amount caused
by such effects. Howeyer, the increments in these
coefficients dlm to flap deflection may be taken to be
correct, ne~lecting the small increments In the tare
values due to the flap deflections.

Corrections were made to the drag coefficients to
account foiajet-boundary effects. The corrections made
to the angle cf attack were air-flow misalinement and
jet boundary (including streamline curvatul>e). No
corrections were applied to the lift coefficient, the
pitching-moment coefficient, and the flap or roll-flap
hinge moment or force coefficients.

The magnitude and sign of the ccniopletetori-ections
to the gross data are given in the following equations:

CD = cD3ro~~ + O.mL203CL2

a = a tunnel + 0.788cL + 0.3°

RESULTS AND DISCUSSION

Full-Span Flap Positioning

Plap positionin-g.- Tke lift and pltch~ng-momect
chara~t~rlstl.c~o=e model, obtained by varying each
flap pai’aneter (fig. 9) independently, are shown in
I’lgyre10. Fer this Investigation the flap was deflected
550 and the roll flap ~OO. It is appreciated that the
method of positioning the flap and vane, whereby the
parameters are varied only once, might not give the
opti-mumarrangement; but due to time limitations, the
method used was considered sufficiently accurate .

In figure 11 the maximum lift coefficient is
plotted against each of the parameters. It is indicated
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that,the maximum lift coefficient does not decrease more
than 0.”01from khe optimum value if the parameters rems.in
within tb.efollowing ranges:

~1 o.012cw” tO 0.023cVJ

21 0. o14c~ to 0.017CW

~2 o. 012CW to 0.017CW

‘2 0.033CW to 0.038cW

~9° to 39°

wb.ere Cw = 55 .7 inches. ‘lliecut-off’angle ~cf does

not apnear crlttcal but,as the curve is ba:~ed on only
two po~.nts,it is best to limit the optimum position to

~,a single angle,’38°.

The data indicate that any one flap parsmeter on
the aJ~plane could be changed at least ~/16 inch from
its optimum position and not decrease the value of tb,e
maxiinlxllllf~ coefficient by more than 0.01.

Effecb of roll-flap positioning.- The results of
posit~oning Lhe r~~p for h~~i;t lift coefficient
compatible with optimum rolling effectiveness are
presented in reference 1. ‘JTnesepositioning tests
were made with tileroll flap deflected 30° in its
fully extended position. F~gure 12 shows a compa~ison
of the aerodynainic characteristics of the model for the
roll flap located in its predetermined and optimum
positions. in both cases the flap was deflected 55°
and the flap parameters were located in their optimum
position. The results show that the maximum lift
coefficient was only slightly increased and the drag
coefficient was slightly decreased when the roll flap
was changed from Its predetermined setting to the
optimum setting arrived at from this investigation.

Effects of Niiscellaneous Items

Scale effect.- The effect of change ‘of Reynolds
and Mach number on the lift, drag, and pitching-moment
characteristics of the model with tb.eflap and roll flap
deflected 55° and 30°, respectively, is shown in fig-
ure 13. It may be seen that there was practically no
scale effect over the range tested.
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were
Effect of’vane-bracket covers.- Covers (fig. 4)
installe-~-over the va ets for -theflap

positioning runs. The effect of these covers is ~hown
in figure 14. ztj is indicated that their only impcrcant
effect was to inprcve the 1~.i’tcharacteristics
near CItiax.

Effect of wfng-f’llselagefillet.- In an attempt to—— ——
impro-v~=e-~~~ char~c=r~s-t-i-csof the wing, a fillet
(f~g. 4.)was i:lstalled at the wing-fuselage juncture.
The efi’ect of the fillet on the aerodynamic charac-
teristics of the ~~.odel-is ~resented in figure 15. The
f~llet increased the angle of stall 2.5° and C&lax
by 0.05. It also sllghtly ~ncreased the drag throughout
the lift rmge.

Effect of’end-plate seal.- The effect of a partial.— —..—— -----.-——.——.
and c~plete el.xl-vlateseaI.with the i%il-span fla ,s in

ftheir f’uilyexten~ed position and a complete end-p ate
seal with the Ylaps retracted is shown in figures 16(a),
16(b), and 16(c). With the fla~s ex~ended either seal
increased the maximum lift coefficient by approxi-
mately O.1. In the flaps-retracted condition, the
addition of’tke seal did not appreciably affect the
lift characteristics.

No aerod~ynamic characteristics except the lift
coefficie-nt are o~)esentedwl~en the seal was installed
because of exces~ive friction between the rubber seal
and the end plate.

~1~1~-span Flap Investigation

Presentation of data.- The :~esult.sof’the flap
investigation are .pres~=ed herci~fifo”:-varicus positions
of the full-s an flaps durjng t~-l; ext--nsion cycle
(figs. 7 and 5 ) for the followir~~modt:J-conditic:ls:

1_* Standard medel configuration [.fi.gs.17 and i8)

2. Standard ‘model conf’i~urationwith a complete
end-plate seal and wing-fuzolage fillet
(fig, 1.9)

—--- Ilmllml I Imlmll ■ lmllll ml- Ill m II Imm m ml Ill 1 I II
I II ● llml Ill II I I Ill I I II
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~. Standard model configuration with a complete
.. . end--plate seal, flap spoiler, and large chord

vanes (fig. 21) .

The aerodynamic characteristics of the wing, flap
and roll flap are presented for the following full-span
flap positions with the model in its standard con-
figuration:

. . . . . .
Ef and Ea

(percent )———,

38
~o
70

100
100
100
100
100
100
100
100
~G()

— ——

Less complete dataare presented for the other
three model conditions. It was believed that no
extensive program should be carried out when the end-
plate seal was installed because of the excessive
friction between the seal and the end plate.

It will be noted that in conditions 3 and 4 the
standard model configuration was altered by tineaddition
of a flap spoiler (fig. 5). The spoiler was found
advantageo~ls during the dive-brake investigation;
consequently, the effect of the spoiler was checked
during the full-span flap investigation.

Maximum lift coefficient.- The following table
lists the value of thim~~i lift coefficient for the
four different model conditions (~f = 550, ba = 300):
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~ w“ - * .
Variation from Maximum~f~

cend:.tion standard model coef~icient
co121’iguration (c&a.:)

—— .— — — ——. c—. ——. .
1. -------------------.-------___ 2.81

2 Complete end-pi ate seal and
1

2:90
wing-fuselage fine t

3 Ccx~pletR end-plate seal arid 2.85
f~ap spoiler

L ~m::~plsteend-plate seal, 2*95
flap spoiler, and large

I chord vanes
.——-.—l— .————-.—— 1

Thus ~ it is seen that when tb.eend-plate seal or
the la.r~ec}lord vane were irstalledj an increase in
maximum lift coci’f’icier.tIs obta~.ned; w’hereas, the
flap spoiler decreases t12emaximvm lift coeffic~ent.

From the pitching-moment data oresented in ~ig-
ul’e18(c), it Is estimated tb.at trimming tineairplane
will decrease these maximum lift coe.f~icients approxi -
n.atel~~0.14.

Flap effec Liv-eness.- The vai’iationof the lift—.
coefficleni~li-f ull-snan flap deflection at a = 00
For the fol~i~.~.odelcondltior.s IS shown in f’i~ure22.
It is apparent that there is a loss i.nflap effectiveness
between 30° and 55G flap deflection for all model
condi bions, except when the m.cdelwas equipped with
large-chord vanes. It was i’nd.icated i%om some
~rnpublished stud:es o.fthe I“lapstalling characteristics
that tb-eloss in f’lane~fecttvei~ess might be caused b:~
the flap partially stalling.

Effect of spoiler e- i?igure23 shows t~lat
effec~of the fla~p=iler on the aercd.ynam~c
teristics of the wing,with the flaps in the~.r
attitude, was tc decrease the lift throughout
ai~gle-of-attack range . This decrease in lift
accom~anied b~~a decrease in the maznltude of

the
clwwa.c-
hign lift
the
flats
the

p~.tch~ngmoment. The addition Gf th~ spoiler also
decreased.“the magnitu~.e of the flap normal force and
chord force but slightly i-ncreased the magnitude of
the flap hinge moment.
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‘Hffect of flap wedpe .- The effecb of the flap
wedge‘~t~=a~~e%d exteniiedposition wtth the
flap and roll flap de-fIected55° and jOO, respectively,
in their fully extended position is shown in figure 24,
An increase in drag, with tb.e flap wedge ~xtended and
at 55°, was the only marked effect that occurred.

Effective camber changing feature.- The aerodynamic
chara~=r~s tics of~h~fi~g, l~~p~ roll flag are
presented ~.nfigure 25 for the cases where the full-span
flaps were deflected to approxi.rnatelyOo,
their retracted” position.

5°, and 10° in
It was desired that the small

flap deflections would ef’f’ectivelyincrease the wing
camber and thus reduce the drag at the lifk coefficient
for best climb, ceiling, and range. It is shown that no
drag reduction was obtained except above a lift coeffic-
ient of’approximately 1.1.

Stalling c;-la~>acter>isb~.cs.,-The stallin~ charac-
terist~c~~%=h~=nii ons of flap neutral and full-
span flaps defiected are nresented in figure 26. In
general, the stalling characteristics of the semispan
~jlodelmay be adjudged satisfactorily. The stall starts
near Lhe wir:g-fuselage juncture at the trailing edge
anclsp~ea.d.sI’crwardand outboard on the irmer panel
of the wing. Over the range tested, the roll flap
sl~owedno ~.ndicatlon of stall~.ng. W~th the f~lll-span
flaps deflected, a portion of’ Lhe fla~ remains stalled
until the wing starts to stall. This accounts for the
hook in the lif~ curv.~close to the stall.

These stalling characteristics wene obtained by
observing wool tufts attached to the model. The
presence of the tufts b_ad a detrimental effect on the
lift coefficient. It is believed, however, that the
stall progression noted with tufts on is indicative of
the stall which would occur when there were no tufts
attached to the wing.

Air-Brake Investigation

The specifications, for the brakes on the XTB2D-1 ah
plane, supplied by the Douglas Aircraft Corporation,
state that the brakes shall limit tb.espeed to .425miles
?Oerhour indicated airspeed in a 50° dive. Reference 2
~ndicates that a torpedo bomber should lose speed as
rapidly as possible until a speed of approximately
165 miles per hour is reached.during a torpedo attaclk.



Other airplrne characteristics causad by the a-pplicaticn
of the air brake which reql~ire consideration are (1) that
attitude and trim changes shall be small and (2) the
I?inge-rrmzzentchp.~’~cbei’~st-lcs shall tend to keep the
bra?<es in a closed position and pro~ressively increase
i-,heforce i~ecessa.ryto open the brakes. From the
structl;ral sta-ndpoint of Lh.eairplane it was desired
tb,atthe a-ll’-brakecycle produce (1) no decrease in
~.ift~.ta Parti.~~L]-arti~g~eof attack or in~rease in
angle of attzck at a particl~lar lift coefficient in
order tc insure that cke ~erodym,mic loads do not
shift fl’omths in~lertO the OU.tei~wing panel, (2) no
increase ~11the r.agnitude 01 the pitcll~ngmoment to
prevent the clownloads cn the Iiorizontal tajl from
becom~ng excessive, ai~t!(3) flow separation on the
lower surface OS the flap bo reduce the ma@.tude of the
~oa,~sorithe flap.

The charac~cl)igti.csot the wing and the air brake
J’orseveral flap deflections at various points in the
brake extension c’~cle (fig. ~) a:’epresented in flg-
11.res27 thinoll.gh 5J. Results are sho-wnfor two csses:
(a) nacmal flap configuration and (b) flap eq’.~ipped
with a spoiler. .

—-
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Figure 36 also shows that at-11.5° flap def’l&ction
there is a negative -pitching-moment ccleff~cient change
w?tlchfurther increases t?aedown load on the tail and
that above a flap deflection of approximately -il.~”
there is a pos-ltive change in the angle of attack which
would. i.ndj.catethat the aerodynamic loads are s-nifting
to the outer wfng panel. Both of these changes are
structurally filsadvarkageous and the design path of the
flap may have ‘GObe altei’ed.

The hinge-moment characteristics shown in fig-
ure 35(b) indicate that the brakes v~ould teildto remain
closed in the high-speed condition and that if thel>ewas
no appreciable change in the attitude of the airplane
dUrln~ the brake cycle a progressively increasing .forcs
is necessary to open the brakes.

The ef’f’ectof the large chord-flap vane on the
characteristics of the win,g and flap wheil the flap js
in its i%lly extended air-k.y-Lk~attitud~ is presented
in figure 37. The information s.vail-ableis insufficient
to predict what effect the large chord vanes would have
on ih.ecomplete dive-brake charactei’istics but it is
apparent that the-ywould increase tl~edraG increment.

Preliminary calculations have been made of the
effectiv~ness of the brake for application to the
VT~,2D-~ a~Y’Plane. Two conditions ha~:ebeen analyzed:
(1) the level approach to a target at sea level and
(2) a 50° dive approach from various altitudes up to
20,000 feet. The first cond.itioilwas analyzed by methods
described in refereilce3 ar~dfor the second condition
reference 4.was utilized. The results of M.ese calcula-
tions and.the assumptions made f’Orl;~Aecalculations are
presented with the following tables:

LEVEL APPROACH AT SEA LEVEL

Wing loading, pounds per square foot ● *...........● .* 76
Initial velocity, miles per hour ‘0...0.............. 300
Brake drag increment .● ..........0O*.....0......... 0.077
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Assume throt t?e setting rema~.r.sconstant

.. . .— — .—. — c .

Time zi’ter
applying
bral:e
(see)

.-.-— —— — -

0
5

10
15
20
25
30
35—.— — ...— .

Distance
traveled

(:.K3)

Velocity
(mph)

300
.270
245
225
205
190
175
165

These calcubticms ind~ca-ke that with the brakes
set at -54° it would take 35 seconds Lo c?eceease the.
sgeed 131’- the airplane fro-m3~o to 165 ~li]-eS per hour.
Til this ti.-me ~L13terVS1 the ~f-i’pla~leV;ould.have traveled
2 niles.

~ 0° DIIW ~>PI%OACH

l,~Jing lo~~ingj p~unds per Sqtl$lrefoot ................ 56
Initial velocity, miles per hour ................... 200

Grake drag increment .........0...........● ***..,*
AsstLW-edairp~.an~ dl”~.g ......ee. ● .,.00.............
Drag avaj.labl. e for braking .........● ........● *...

It was assumed that the variation of airplane
drag with Mach number for the XTB2D-1 airplane was
sane as afrpla.n.eB of reference j ,
,.—— — — —--— . — ——--

Eeight, h, at which i True velocity at
dive is started [ 11=0

(ft) I (mph)

8j?oo I 375
l~ooo

~
400

16,000 41’5
20,000 i L2cj

..——— ,,—, ,-,, -,.—, —— ,.- ,m. ,.,, m ,,,,, ,,,,,-, ,, , ., ,, ,



These results indicate that in a 50° dive-started
at 20,000 feet with the brakes deflected -54.0the speed
of the afrplane would not exceed )~25miles per hour at
sea level.

COI?CLUSTONS

This investigation of the characteristics of the
full-span flap and air brake on the 0*30-scale semispan
model. of the .xTE2D-1.airplane wing and fuselage com-
bination indicate tk.at:

1. @n the airplane any om flap parameter could be
moved at least 5/I.6inch from its optimum setting and
not decrease c~’max

by more than 0.01.

2. A maximum lift coeff’i.cientof 2.95 was obtained
when the model-was equipped with a complete end-plate
seal, flap spojler, and large chord vanes.

C%ax ‘as
decreased 0.1.0when the small chord ~anes were installed.
It is estfrnatcd that trimming the airplane will ca~~sean
add.itiona? decrease in Clina.<of approximately 0.140

3* ?iearlvevery model configuration sho’weda loss
of’.fla~effectiveness between 300 a~l.d55° due to a stall.
condit~on oil the flap.

)+.The effective camber changing feature produced
no drag reduction except above a lift coefficient of
approximately l.i..

5. Tlie stallln~; characteristics of the model appear
to be satisfactory either with the flaps retracted or
with the flaps fully extended.

6. For braking in a dive, decelerating,and evasive
m.aneuvsring, the brakes

f
reduced a drag coe.fl’icient

increment of 0.077 at -5 0 flap deflection. During the
brake cycle from fullyretracted to -5,!+0deflection, a
maximum change of 20 angle of attack and 0.0&3 change
in pitching-moment coefficten-twas encountered.
llstirnatesof the airplane performance with the brakes
deflected -540 indicate that~in a 50° dive started at
200 miles per hour at 20,000 feet, the indicated airspeed
will not exceed 425 miles per hour; it is also indicated
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that , at sea-level alti.tudej the time required to
decrease the speed of the airplane from 300 to 165 miles
per hour would Oe 55 seconds. During this the interval,
t},e~irnlane would have traveled 2 miles.

Langley Memol,ial Aeronautical I#a’boratory
iiational .4d.’7_lsor;~Committee for }.eronal].tics

L.mg,l-eyFieTd, Vs., Septembei- 7, 1 :)~
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Figure 2. - Arrangsmen f of the 0.30- scale XTB2D-I semispcm model and
end-plate m the 19- foo+ pre6sure tunnel.



Figure 3.- 0.30 -scale XTB2D -1 semispan model mounted in the
19-foot pressure tunnel.
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(a) Partial end-plate seal, flap wedge, wing-fuselage fillet.

Figure 4.- Detail photographs of the 0.30 -scale XTB2D -1
semispan model.
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(b) Vane-bracket covers.

Figure 4.- Concluded.
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